We report on a thorough optical investigation of BaFe 2 As 2 over a broad spectral range and as a function of temperature, focusing our attention on its spin-density-wave (SDW) phase transition at T SDW = 135 K. While BaFe 2 As 2 remains metallic at all temperatures, we observe a depletion in the far infrared energy interval of the optical conductivity below T SDW , ascribed to the formation of a pseudogap-like feature in the excitation spectrum. This is accompanied by the narrowing of the Drude term consistent with the dc transport results and suggestive of suppression of scattering channels in the SDW state. About 20% of the spectral weight in the far infrared energy interval is affected by the SDW phase transition.
A new field in condensed matter research was recently initiated by the discovery of superconductivity in doped iron oxyarsenides [1] . After the first report on LaFeAs(O 1−x F x ) with a critical temperature T c of 26 K, even higher transition temperatures up to 55 K were reached in fluorine doped SmFeAs(O 1−x F x ) [1, 2] . This novel family of compounds has generated a lot of interest, primarily because high-temperature superconductivity is possible in materials without CuO 2 planes. Since these planes are essential for superconductivity in the copper oxides, its occurrence in the pnictides raises the tantalizing question of a different pairing mechanism. While the nature of such a pairing mechanism is currently in dispute, it is evident that superconductivity in the oxypnictides emerges from specific structural and electronic conditions in the (FeAs) δ− layer. Therefore, it soon appears that other structure types could serve as parent material. The recently discovered BaFe 2 As 2 compound with the well-known ThCr 2 Si 2 -type structure is an excellent candidate [3] . This latter structure contains practically identical layers of edge-sharing FeAs 4/4 tetrahedra with the same band filling, but separated by barium atoms instead of LaO sheets. BaFe 2 As 2 can serve as an alternative compound for oxygen-free iron arsenide superconductors. Superconductivity was indeed established at 38 K in K-doped [4] and at 22 K in Co-doped [5] BaFe 2 As 2 through partial substitution of the Ba and Fe site, respectively.
Superconductivity in suitably doped BaFe 2 As 2 compounds conclusively proves that it originates only from the iron arsenide layers, regardless of the separating sheets. It is also currently believed that the superconductivity in these systems is intimately connected with magnetic fluctuations and a spin-density-wave (SDW) anomaly within the FeAs layers. This is obviously of interest, since a SDW phase may generally compete with other possible orderings and complicated phase diagrams are often drawn due to their interplay. Undoped
LaFeAsO as well as BaFe 2 As 2 undergo a SDW phase transition which is also associated with a reduction of the lattice symmetry from tetragonal to orthorhombic [1, 3] . The classical prerequisite for the formation of a SDW state is the (nearly) perfect nesting of the Fermi surface (FS), leading to the opening of a gap. Density functional calculations of the electronic structure [6] reveal that the main effect of doping is to change the relative sizes of the electron and hole FS and therefore to lead to a reduction in the degree of nesting of the FS itself.
Doping suppresses the SDW instability and induces the superconductivity. Alternatively, it was also proposed that the metallic SDW state could be solely induced by interactions of local magnetic moments (i.e., without invoking the opening of a gap), resembling the nature of antiferromagnetic order in the cuprate parent compounds [7] . It is therefore of relevance to acquire deeper insight into the SDW phase and to establish how this broken symmetry ground state affects the electronic properties of these materials.
We focus here our attention on BaFe 2 As 2 , which is a poor metal exhibiting Pauli paramagnetism and where the SDW phase transition at T SDW is accompanied by anomalies in the specific heat, electrical resistance and magnetic susceptibility [3] . We provide a thorough investigation of the optical response over an extremely broad spectral range at temperatures both above and below T SDW . A self-consistent picture emerges in which below the SDW transition a reshuffle of states [8] occurs due to the opening of a SDW gap on a portion of the FS (i.e., pseudogap). We also observe a mobility increase of the charge carriers, which are not gapped by the SDW condensate, as a consequence of the reduction of electron-electron scattering in the SDW state. Details pertaining to the experiment and the KK analysis can be found elsewhere [11, 12] . Figure 1a displays the optical reflectivity in the FIR energy interval (i.e., ω ≤ 600 cm −1 ), emphasizing its temperature dependence. The inset of Fig. 1a shows on the other hand R(ω) over the whole measured range at 10 and 200 K. R(ω) of BaFe 2 As 2 has an overall metallic behavior, characterized by a broad bump at about 5000 cm −1 and by the onset of the reflectivity plasma edge below 3000 cm −1 (inset Fig. 1a ). Of interest is the temperature dependence of R(ω), which first indicates a depletion of R(ω) with decreasing temperature in the energy interval between 200 and 500 cm −1 and then a progressive enhancement of R(ω) below 200 cm −1 and towards zero frequency, so that all R(ω) spectra cross around 200 cm −1 . Apart from the already mentioned broad excitation at 5000 cm −1 , we did not observe any additional mode in R(ω) below 3000 cm −1 and overlapped to its plasma edge.
This contrasts with previous optical data [13, 14] of the SDW phase of La(O 1−x F x )FeAs and
, where several sharp modes in the infrared range were indeed detected.
These features were ascribed to the vibrational lattice modes of both the ab plane as well as of the orthogonal c axis. The presence of both polarizations is in agreement with the polycrystalline nature of those samples [13, 14] , suggesting also that the main contribution to the optical properties of pellets comes from the more insulating c axis. The absence of (sharp) phonon peaks in our spectra indicates that we are addressing the conducting (ab) plane, where the phonon modes are screened by the effective Drude component. In this regard, our R(ω) spectra share common features with the optical findings on K-doped BaFe 2 As 2 [15] and LaFePO [16] single crystals in the normal phase. Furthermore, it is worth mentioning that we did not find any polarization dependence of R(ω) within the platelets surface. Therefore, this reinforces the notion that we are addressing the isotropic (ab) plane of BaFe 2 As 2 .
For the purpose of the KK transformation, the R(ω) spectra may be extended towards zero frequency with the well-known Hagen-Rubens extrapolation [11, 12] R(ω)=1−2 ω/σ dc (Fig. 1a) , making use of σ dc values in fair agreement with the transport result (inset Fig.   3 ). At high frequencies R(ω) can be extrapolated as R(ω) ∼ ω −s (2 < s < 4) [11, 12] . Both types of extrapolations, besides being standard extension of the measured data, do not affect either the discussion of or the conclusions drawn from our findings. The first interesting feature in σ 1 (ω) is the peak centered at about 5000 cm −1 , with a high frequency shoulder extending between 10 4 to 3x10 4 cm −1 (inset Fig. 1b) . We ascribe that wealth of excitations to the electronic interband transitions involving Fe d-states and As p-states [6] . The low frequency tail of this peak merges at high temperatures into a rather broad interval of excitations extending in the mid-infrared range of σ 1 (ω). The main focus of our discussion is however on the two most prominent behaviors, developing below 600 cm
with decreasing temperature, as emphasized in the main panel of Fig. 1b . There is first an obvious depletion in σ 1 (ω), which is reminiscent of a (pseudo)gap opening, and second the narrowing of the Drude component below 150 cm −1 . The onset of that depletion as well as the Drude narrowing clearly occur at temperatures below T SDW . These latter features characterizing σ 1 (ω) in BaFe 2 As 2 are common to the other oxypnictides [13, 14, 16] as well as to the electrodynamic response of high temperature superconducting cuprates [17] .
We apply a phenomenological Lorentz-Drude fit in order to better single out the various components, contributing to σ 1 (ω) and shaping the electrodynamic response of the title compound, as well as to disentangle the distribution of spectral weight among them [11, 12] . The FIR spectral range is recovered with a Drude term, accounting for the effective (Fig. 2a) . The total spectral weight, encountered in the Drude term and the three FIR h.o.'s of Fig. 2a , remains however constant at all temperatures (Fig. 2b ) [18] .
Such a redistribution of spectral weight governs the appearance of the depletion in σ 1 (ω) between 100 and 400 cm −1 below T SDW (Fig. 1b) . Following a well established procedure [19] , we thus define the characteristic average weighted energy scale: 
where ω 2 and ω 3 are the resonance frequencies of the second and third h.o. in our LorentzDrude fit (Fig. 2a) . The quantity ω SP is then ascribed to the representative energy scale for the pseudogap excitation, resulting below T SDW from the reshuffle of states at energies lower than the mobility edge. The ratio between ω SP at 10 K and k B T SDW (k B being the Boltzmann constant) is of about 4, somehow larger than the prediction within the weakcoupling limit of the mean-field BCS theory [20] but comparable to what has been found in the SDW organic Bechgaard salts [21] . ω SP is shown in Fig. 3 , normalized by its value at 10 K. The increase of ω SP below T SDW is obvious. This goes hand in hand with the decrease of σ 1 (ω) in the energy interval around 200 cm −1 (open circles in Fig. 1b) . We calculate the quantity Λ = σ 1 (200 cm −1 ,T)/σ 1 (200 cm −1 ,10 K), and find indeed that Λ −1 scales with ω SP as a function of temperature (Fig. 3) .
As far as the Drude term is concerned, its narrowing (Fig. 1b (Fig. 2a) . When lowering the temperature below T SDW , a pseudogap develops and a rearrangement of states takes place in such a way that excitations pile up in the spectral range around 420 cm −1 as well as around 50 cm −1 . These latter excitations merge into the high frequency tail of the narrow Drude term of σ 1 (ω). Comparing the removed spectral weight within the depletion of σ 1 (ω) in FIR below T SDW with the total spectral weight encountered in σ 1 (ω) up to about 700 cm −1 above T SDW , we estimate that approximately 20% of the total weight is affected by the development of the pseudogap.
In conclusion, we have provided a comprehensive analysis of the excitation spectrum in BaFe 2 As 2 , with respect to its SDW phase transition. Our data reveal the formation of a pseudogap excitation and the narrowing of the metallic contribution in σ 1 (ω) at T SDW , which tracks the behavior of the dc transport properties. It remains to be seen how one can reconcile the pseudogap-like feature well established in the optical response with the apparent absence of any gap excitation in the angle-resolved photoemission spectroscopy [7] . This issue is intimately connected to the more general and still open question whether the reshuffle of states, leading to an optical signature compatible with the pseudogap excitation, is the consequence of the SDW-driven structural phase transition and a FS nesting or is in fact due to a more exotic mechanism.
